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$\bullet$ $(1+1)$- ( $x$ , $t$).
$\bullet$ $x$ 3 .
$\bullet$ , ( ) ,
, .
$\bullet$ $U(x, t)$ $N$ ,
$\langle \cdot, \cdot\rangle$ :
$U=(U_{1}, U_{2}, \ldots, U_{N})$ , $\langle U, U_{x,}\rangle=\sum_{j=1}^{N}U_{j}\frac{\partial U_{j}}{\partial x}$ , etc.
$\bullet$ $u,$ $U,$ $\partial_{x},$ $\partial_{t}$ ,
.
$[1, 2]$ , 3
, ( ) , 3 .
$\bullet$ $\mathrm{K}\mathrm{d}\mathrm{V}$
$u_{t},$ $=u_{xx,x}$, $uu_{x}$ :
$\partial_{x,}arrow 1$ , $\partial_{t}arrow 3$ , $uarrow 2$ .
$\bullet$ mKdV $u_{t}=u_{x,xx,}$ \dagger $u^{2}u_{x}$, :
$\partial_{x}arrow 1$ , $\partial_{t}arrow 3$ , $uarrow 1$ .
$\bullet$ Ibragimov-Shabat [3] $u_{t},$ $=u_{x,xx},+3u^{2}u_{xx}+9uu_{x,}^{2}+3u^{4}u_{x}$
: $\partial_{x,}arrow 1$ , $\partial_{t}arrow 3$ , $u arrow\frac{1}{2}$ .
, 3 , 5 ( ) ,
( ). , , 3






Kd : $\partial_{x},$ $arrow 1,$ $\partial_{t}arrow 3,$ $uarrow 2,$ $Uarrow 2$ , .
oe , ( $a_{1}\sim a_{6}$ ) :
$\{_{U_{t}=a_{4}U_{x}}^{u_{t}=a_{1}u_{xx\mathrm{x}}}$ $+a_{2}uu_{x,}+a_{3}\langle U, U_{x}.\rangle+a_{5}u_{x}U+a_{6}uU_{x,}$
’
(2.0)
(2.0) 3 ( ) , 2 decouple
. , $(a_{1}, a_{4})\neq(0,0),$ $a_{3}\neq 0,$ $(a_{5}, a_{6})\neq(0,0)$ .
2.1 (2.0) 5 :
$\{\begin{array}{l}u_{\mathit{8}}=b_{\mathrm{l}}u_{x_{\prime}x_{\prime}x_{\prime}x_{\prime}x_{\prime}}+b_{2}uu_{x_{\prime}x_{l}it}+\cdots U_{s}=b_{9}U_{x_{l}xxx_{\prime}x_{\prime}},+b_{\mathrm{l}0}u_{x_{\prime}xx}U+\cdots\end{array}$
$(u_{ts}=u_{st}, U_{u}=U_{st,})$ , , 4
:
$\{\begin{array}{l}u_{t}=\langle U,U_{x_{\prime}}\rangle U_{t},=U_{x_{\prime}x_{\prime}x_{\prime}}+u_{x}U+2uU_{x_{\prime}}\end{array}$ (2.1)
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}+6uu_{x_{\prime}}-6\langle U,U_{x_{\prime}}\rangle U_{t},=U_{xxx},+6u_{x_{\prime}}U+6uU_{x_{\prime}}\end{array}$ (2.2)
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}+3uu_{x_{\prime}}+3\langle U,U_{x_{\prime}}\rangle U_{t}=u_{x_{\prime}}U+uU_{x}\end{array}$ (2.3)
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}}+6uu_{x}-\mathrm{l}2(U,U_{x_{\prime}}\rangle U_{\mathfrak{l}},=-2\mathrm{U}_{x_{\prime}x_{\prime}x_{\prime}}-6uU_{x_{\prime}}\cdot\end{array}$ (2.4)
, $U=0$ , , (2.1)
$u_{t}=0$ , (2.2)-(2.4) Kd .
2\cdot 1 (2\cdot 1)
(2.1) , Drinfel’d-Sokolov [6, 7] ( 1 )
. , KP
, [8, 9] .
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2.2 (2.2)




, (2.2) . , 1 , $\{\mathrm{e}_{j}\}$
: $\{\mathrm{e}_{i}, \mathrm{e}_{j}\}_{+}\equiv \mathrm{e}_{i,}\mathrm{e}_{j}+\mathrm{e}_{j}\mathrm{e}_{i,}=-2\delta_{ij}1$ .
2.3 (2.3)
(2.3) , Ito [11] , –






, (2.3) , Ito $U$
. Ito (2.5) Lax , :
$\{_{\psi_{t}=(4\zeta+u\psi_{x}-u_{x,}\psi}^{\psi_{x,x,}=((-\frac{1}{2)}u-\frac{3}{16\zeta\frac{1}{2}}w^{2})\psi},$
’
( $\zeta$ ) [13]. , : $\psi_{xxt},,$ $=$
$\psi_{txx}$ , (2.5) .
(2.5) $u(x, t),$ $w(x, t)$ , $U$
:
$U_{t,}=(uU)_{x}$ , (2.6)
. $w(x, t)$ ,
$\hat{w}_{t}=u\hat{w}_{x,}$ $(\hat{w}_{x}, \equiv w)$ . , $f(z)$ , $[f(\hat{w})]_{f_{l}}=$
$u[f(\hat{w})]_{x}$ , (2.6) :
$U_{j}=[f_{j}( \hat{w})]_{x}=w\cross f_{j}’(\int^{x}w\mathrm{d}x’)$ , $j=1,$ $\ldots$ , N
. $f1(z),$ $\ldots,$ $f_{N}(z)$ , , $\langle U, U\rangle=w^{2}$
: $\sum_{j=1}^{N}[f_{j}’(z)]^{2}=1$ .
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$2\cdot 4$ $(2\cdot 4)$
(2.4) , Hirota-Satsuma [14] 2 $\mathrm{K}\mathrm{d}\mathrm{V}$
, ( ) . (2.4) $\mathrm{L}$
. 2 $\psi,$ $\phi$ :
$\{\begin{array}{l}\psi_{xx_{\prime}}+P\psi+Q\phi=\zeta\psi\phi_{xx_{\prime}}+P\phi+R\psi=-(\phi\psi_{t}=4\zeta\psi_{x}+2P\psi_{x}-4Q\phi_{x_{l}}-P_{x}\psi+2Q_{x_{\prime}}\phi\phi_{t}=-4\zeta\phi_{x_{\prime}}+2P\phi_{x}-4R\psi_{x}-P_{x_{\prime}}\phi+2R_{x}\psi\end{array}$ (2.7)
. $\zeta$ , $P,$ $Q,$ $R$ .
: $\psi_{xxt}=\psi_{txx},’\phi_{x,xt},,$ $=\phi_{txx}$ , 3 :
$\{\begin{array}{l}P_{t_{\prime}}=P_{x_{\prime}x_{l}x_{\prime}}+3(P^{2})_{x_{\prime}}-6(QR)_{x_{\prime}}Q_{t}=-2Q_{xx_{l}x_{l}}-6Q_{x_{\prime}}P+3[P_{x_{\prime}},Q]R_{t_{\prime}}=-2R_{xx_{\prime}x},-6R_{x}P+3[P_{x_{\prime}},R]\end{array}$ (2.8)
, 3 : $[P, Q]=O,$ $[P, R]=O,$ $[Q, R]_{x}=O$ . ,
$P=u1$ , $Q=U_{1}1+ \sum_{j=1}^{N-1}U_{j+1}\mathrm{e}j$ , $R=U_{1}1- \sum_{j=1}^{N-1}Uj+1\mathrm{e}_{j}$ ,
$(\{\mathrm{e}_{i}, \mathrm{e}_{j}\}_{+}=-2\delta_{ij}1)$ , ,
(2.8) , Hirota-Satsuma (2.4) .
3 mKdV Burgers
mKdV : $\partial_{x,}arrow 1,$ $\partial_{t},$ $arrow 3,$ $uarrow 1,$ $Uarrow 1$ ,
. , ($a_{1^{\sim}}a21$ ) :
$\{\begin{array}{l}u_{t_{\prime}}=a_{1}u_{x_{\prime}x_{\prime}x_{\prime}}+a_{2}uu_{x_{\prime}x_{\prime}}+a_{3}u_{x_{\prime}}^{2}+a_{4}u^{2}u_{x_{\prime}}+a_{5}u^{4}+a_{6}u_{x_{\prime}}\langle U,U\rangle+a_{7}u\langle U,U_{x}\rangle+a_{8}\langle U,U_{x_{\prime}x_{\prime}}\rangle+a_{9}\langle U_{x_{\prime}},U_{x_{\prime}}\rangle+a_{\mathrm{l}0}u^{2}\langle U,U\rangle+a_{11}\langle U,U\rangle^{2}U_{t}=a_{12}U_{x_{\prime}xx_{\prime}}+a_{\mathrm{l}3}u_{x_{\prime}x_{l}}U+a_{\mathrm{l}4}u_{i\iota}U_{i\mathrm{f}\prime}+a_{\mathrm{l}5}uU_{x_{\prime}x_{\prime}}+a_{\mathrm{l}6}uu_{x_{l}}U+a_{17}u^{2}U_{x_{\prime}}+a_{18}\langle U,U\rangle U_{x_{\prime}}+a_{19}\langleU,U_{x_{\prime}}\rangle U+a_{20}u^{3}U+a_{2\mathrm{l}}u\langle U,U\rangle U\cdot\end{array}$ $(3\cdot 0)$
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(3.0) 3 ( ) , 2 decouple
.
3.1 (3.0) 5 :
$\{\begin{array}{l}u_{\mathit{8}}=b_{\mathrm{l}}u_{x_{\prime}x_{l}x_{\prime}x_{\prime}x_{\prime}}+b_{2}uu_{x_{\prime}x_{\prime}xx_{\prime}}+\cdots U_{s}=b_{36}U_{xx_{\prime}x_{\prime}x_{\prime}x},+b_{37}u_{xxx_{\prime}x_{\prime}}U+\cdots\end{array}$
(uts=u t, $U_{ts}=U_{st}$), , 25
:
$\{\begin{array}{l}u_{t_{\prime}}=3u_{x_{\prime}}\langle U,U\rangle+3\langle U,U_{xx_{\prime}},\rangle-3\langle U,U\rangle^{2}U_{t}=U_{x_{\prime}x_{\prime}x_{\prime}}+u_{xx}U+u_{x_{\prime}}U_{x_{\prime}}-3\langle U,U_{x}\rangle U\end{array}$ $(3\cdot 1)$
$\{\begin{array}{l}u_{t_{\prime}}=2u_{x_{\prime}}\langle U,U\rangle+2\langle U,U_{x_{l}x_{\prime}}\rangle-\langle U_{x_{l}},U_{x_{\prime}}\rangle-2\langle U,U\rangle^{2}U_{t_{\prime}}=U_{x_{\prime}xx_{\prime}}+u_{xx},U+2u_{x_{\prime}}U_{x}-2\langle U,U\rangle U_{x}-2\langle U,U_{x_{\prime}}\rangle U\end{array}$ $(3\cdot 2)$
$\{\begin{array}{l}u_{t_{\prime}}=u_{x_{\prime}}\langle U,U\rangle+2u\langle U,U_{x_{\prime}}\rangle+\langle U,U_{x_{\prime}x_{\prime}}\rangle+\langle U_{x_{\prime}},U_{x_{\prime}}\rangle U_{t_{\prime}}=U_{x_{\prime}x_{\prime}x_{\prime}}+u_{xx_{\prime}},U+u_{x}U_{x_{l}}-2uu_{x},U-u^{2}U_{x_{\prime}}+\langle U,U\rangle U_{x_{\prime}}-\langle U,U_{x_{\prime}}\rangle U\end{array}$ $(3\cdot 3)$
$\{\begin{array}{l}u_{t_{\prime}}=u_{xxx_{\prime}}+\frac{3}{2}u_{x}^{2}+\frac{3}{2}\langle U_{x},U_{x}\rangle U_{t_{\prime}}=u_{x}U_{x_{\prime}}\end{array}$ $(3\cdot 4)$
$\{u_{t_{\prime}}=u_{x_{\prime}x_{\prime}x}+3u_{x_{\prime}}^{2}+2au_{x_{\prime}}\langle U, U\rangle+a\langle U,U_{x_{\prime}x}\rangle+a\langle U_{x_{l}},U_{x_{\prime}}\rangle+b\langle U,U\rangle^{2}U_{t}=u_{x_{\prime}x_{\prime}}U+2u_{x_{\prime}x}U+a\langle U,U\rangle U_{x_{\prime}}+a\langle U,U_{x}\rangle U,(a,b)\neq(0,0),,(3\cdot 5)$
$\{\begin{array}{l}u_{t}=u_{xx_{\prime}x}+3u_{x_{\prime}}^{\mathit{2}}-3\langle U_{x_{\prime}},U_{x_{l}}\rangle U_{t},=U_{xx_{\prime}x}+6u_{x}U_{x}\end{array}$ $(3\cdot 6)$
$\{\begin{array}{l}u_{t}=u_{xxx_{\prime}}+3u_{x_{l}}^{2}+u_{x}\langle U,U\rangle+\langle U,U_{x_{\prime}x_{\prime}}\rangle U_{t},=U_{x_{l}x_{\prime}x}+3u_{x_{\prime}x_{\prime}}U+3u_{x_{\prime}}U_{x_{\prime}}+\langle U,U_{x_{\prime}}\rangle U\end{array}$ $(3\cdot 7)$




$\{\begin{array}{l}u_{t}=u_{xxx_{\prime}}+u_{x_{J}}^{2}-\mathrm{l}2\langle U,U_{xx_{\prime}}\rangle+\mathrm{l}2\langle U_{x},U_{x_{\prime}}\rangle-4\langle U,U\rangle^{2}U_{t}=4U_{x_{\prime}x_{\prime}x}+u_{x_{\prime}x}U+2u_{x_{\prime}}U_{x},+4\langleU,U\rangle U_{x}+4\langle U,U_{x_{\prime}}\rangle U\end{array}$ (3.9)
$\{u_{t}=u_{x_{\prime}x_{\prime}x_{J}}+3u_{x}^{2}+4u_{x}\langle U,U\rangle+2\langle U,U_{xx_{\prime}}\rangle+\langle U_{x_{l}},U_{x}\rangle+\frac{2}{3}\langle U,U\rangle^{2}U_{t}=-2Ux_{\prime}xx_{\prime}-6ux_{l}xU-6ux_{\prime}Ux_{\prime}-4\langle U,U_{x_{\prime}}\rangle U,,(3\cdot \mathrm{l}0)$
$\{u_{t}=u_{x_{\prime}xx_{l}}-\frac{3}{2}u^{2}u_{x}+\frac{3}{2}u_{x}\langle U,U\rangle+u\langle U,U_{x_{\prime}}\rangle+\langle U,U_{xx}\rangle+\langle U_{x_{\prime}},U_{x}\rangle U_{t}=-u_{x}U_{x_{\prime}}-\frac{1}{2}u^{2}U_{x}+\frac{3}{2}\langle U,U\rangle U_{x},,(3\cdot \mathrm{l}1)$
$\{u_{t},=u_{x_{\prime}x_{\prime}x_{\prime}}-\frac{3}{2}u^{2}u_{x_{\prime}}+\frac{3}{2}u_{x}U,U\rangle+u\langle U,U_{x_{\prime}}\rangle+\langle U,U_{xx_{\prime}}\rangle+\langle U_{x_{\prime}},U_{x}\rangle U_{txx}=-uU-\frac{1}{2}u^{2}U_{x}+\frac{\prime 1\langle}{2}\langle U,U\rangle U_{x}+\langle U,U_{x}\rangle U,,(3\cdot \mathrm{l}2)$
$\{u_{f_{\prime}}=u_{x}-\frac{\mathit{3}}{\mathit{2}}u^{\mathit{2}}u_{x}+\frac{l}{\mathit{2}}u_{x}\langle U,U+u\langle U,x_{\prime}\rangle+\langle U,U_{xx_{\prime}}\rangle+\langle U_{x_{\prime}},U_{x}\rangle U_{|_{\prime}}=u_{x\text{ }}U+u_{x}U_{x}-uu_{x}U-\frac{\rangle l}{\mathit{2}}u^{\mathit{2}}U_{r_{\prime}}+\frac{U1}{2}\langle U,U\rangle U_{x_{\prime}}+\langle U,U_{x_{\prime}}\rangle U,,(3\cdot \mathrm{l}3)$
.
$\{\begin{array}{l}u_{t_{\prime}}=u_{x_{\prime}xx_{\prime}}-\frac{3}{2}u^{2}u_{x_{\prime}}+\frac{3}{2}u_{x_{l}}\langle U,U\rangle+u\langle U,U_{x_{\prime}}\rangle+\langle U,U_{xx}\rangle+\langle U_{x_{\prime}},U_{x}\rangle+\frac{1}{2}\langle U,U\rangle^{2},(3\cdot 14)U_{t_{\prime}}=-u_{x}U_{x}-\frac{\mathrm{l}}{2}u^{2}U_{x}-\frac{\mathrm{l}}{2}\langle U,U\rangle U_{x_{\prime}}+\frac{\mathrm{l}}{2}u\langle U,U\rangle U\end{array}$
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}-\frac{3}{2}u^{2}u_{x_{\prime}}+u_{x_{l}}\langle U,U\rangle+u\langle U,U_{x_{\prime}}\rangle+\langle U,U_{x_{l}x_{\prime}}\rangle+\langle U_{x_{l}},U_{x_{l}}\rangle-\frac{\mathrm{l}}{4}u^{2}\langle U,U\rangle+\frac{\mathrm{l}}{4}\langle U,U\rangle^{2},(3\cdot \mathrm{l}5)U_{t}=\frac{\mathrm{l}}{2}u_{x_{\prime}x_{\prime}}U+\frac{1}{2}\langle U,U_{x_{\prime}}\rangle U-\frac{1}{4}u^{3}U+\frac{\mathrm{l}}{4}u\langle U,U\rangle U\end{array}$
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}+u^{2}u_{x_{\prime}}+u_{x_{\prime}}\langle U,U\rangle U_{f_{l}}=U_{x_{\prime}xx_{\prime}},+u^{2}U_{x_{\prime}}+\langle U,U\rangle U_{x},\end{array}$ $(3\cdot 16)$
$\{\begin{array}{l}u_{t_{\prime}}=u_{x_{\prime}x_{\prime}x_{\prime}}+2u^{2}u_{x_{\prime}}+u_{x_{\prime}}\langle U,U\rangle+u\langle U,U_{x_{\prime}}\rangle U_{t}=U_{xx_{\prime}x_{\prime}}+uu_{x},U+u^{2}U_{x_{l}}+\langle U,U\rangle U_{x_{l}}+\langle U,U_{x_{\prime}}\rangle U\end{array}$ $(3\cdot 17)$
$\{\begin{array}{l}u_{t}=u_{x_{l}xx_{\prime}}-6u^{2}u_{x_{\prime}}+6u_{x_{\ell}}\langle U,U\rangle+\mathrm{l}2u\langle U,U_{x_{\prime}}\rangle U_{t}=U_{x_{\prime}x_{\prime}x_{\prime}}-12uu_{x_{\prime}}U-6u^{2}U_{x_{\prime}}+6\langle U,U\rangle U_{x_{\prime}},\end{array}$ (3 $\cdot$ 18)
$\{\begin{array}{l}u_{t_{\prime}}=u_{x_{\prime}xx_{\prime}}-6u^{2}u_{x_{l}}+u_{x}\langle U,U\rangle+2u\langle U,U_{xt}\rangle+\langle U,U_{x_{\prime}x_{\prime}}\rangle+\langle U_{x_{\prime}},U_{x_{\prime}}\rangle U_{t}=U_{x_{\prime}x_{l}x_{\prime}}+3u_{x_{\prime}x_{\prime}}U+3u_{x_{\prime}}U_{x_{\prime}}-6uu_{x},U-3u^{2}U_{x_{\prime}}+\langle U,U\rangle U_{x_{\prime}}(3.\mathrm{l}9)+3\langle U,U_{x},\rangle U\end{array}$
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$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}-6u^{2}u_{T_{\prime}}+u_{x_{\prime}}\langle U,U\rangle+2u\langle U,U_{x_{J}}\rangle+\langle U,U_{xx_{\prime}}\rangle+\langle U_{x_{\prime}},U_{x_{\prime}}\rangle U_{t}=U_{xx_{J}x_{J}}+6u_{xx_{\prime}},U+6u_{x}U_{x_{l}}-12uu_{x},U-6u^{2}U_{T_{\prime}}+\langle U,U\rangle U_{x_{J}}(3.20)+4\langle U,U_{x},\rangle U\end{array}$
$\{\begin{array}{l}u_{t_{\prime}}=u_{x_{\prime}xx_{\prime}}-6u^{2}u_{x_{\prime}}+u_{x}\langle U,U\rangle+2u\langle U,U_{x}\rangle+\langle U,U_{xx_{\prime}}\rangle+\langle U_{x_{\prime}},U_{x_{l}}\rangle U_{t}=-2U_{x_{\prime}x_{l}x_{\prime}}-6u_{xx_{\prime}}U-6u_{x}U_{x_{\prime}}+\mathrm{l}2uu_{x_{\prime}}U+6u^{2}U_{x_{\prime}}+\langle U,U\rangle U_{x_{\prime}}(3.21)-2\langle U,U_{x}\rangle U\end{array}$
$\{\begin{array}{l}u_{t}=a(u_{xxx}+3uu_{xx}+3u_{x_{\prime}}^{2}+3u^{2}u_{x})+u_{x_{\prime}}\langle U,U\rangle+2u\langle U,U_{x}\rangle+2\langle U,U_{x_{\prime}x_{\prime}}\rangle+2\langle U_{x_{\prime}},U_{x_{\prime}}\rangle U_{t},=U_{x_{\prime}x_{\prime}x_{\prime}}+\frac{1}{2}(\mathrm{l}-a)u_{xx}U+\frac{3}{2}u_{x_{\prime}}U_{x_{\prime}}+\frac{3}{2}uU_{x_{\prime}x_{\prime}}+\frac{3}{4}(1-2a)uu_{x}U(3.22)+\frac{3}{4}u^{2}U_{x}-\langle U,U_{x_{\prime}}\rangle U+\frac{\mathrm{l}}{8}(\mathrm{l}-4a)u^{3}U-\frac{1}{2}u\langle U,U\rangle Ua\cdot.\mathrm{a}\mathrm{r}\mathrm{b}\mathrm{i}\mathrm{t}\mathrm{r}\mathrm{a}\mathrm{r}\mathrm{y}\end{array}$
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}+3uu_{x_{\prime}x_{\prime}}+3u_{x_{\prime}}^{2}+3u^{2}u_{x_{\prime}}+u_{x_{\prime}}\langle U,U\rangle+2u\langle U,U_{x_{\prime}}\rangle+2\langle U,U_{xx_{\prime}}\rangle+2\langle U_{x_{\prime}},U_{x_{\prime}}\rangle U_{t}=-\frac{\mathrm{l}}{2}u_{xx_{\prime}},U-\frac{3}{2}uu_{x_{\prime}}U-\langle U,U_{x_{\prime}}\rangle U-\frac{1}{2}u^{3}U-\frac{\mathrm{l}}{2}u\langleU,U\rangle U\end{array}$ (3.23)
$\{\begin{array}{l}u_{f_{\prime}}=u_{x_{\prime}x_{\prime}x}+3uu_{x_{\prime}x_{\prime}}+3u_{x_{\prime}}^{2}+3u^{2}u_{x_{\prime}}+u_{x_{\prime}}\langle U,U\rangle+2u\langle U,U_{I_{\prime}}\rangle+\langle U,U_{x_{\prime}x_{\prime}}\rangle+\langle U_{x},U_{x_{l}}\rangle,(3.24)U_{t_{\prime}}=\frac{1}{2}u_{x_{\prime}x_{\prime}}U+u_{xx_{l}},U+uu_{x_{\prime}}U+u^{2}U_{x_{\prime}}+\frac{\mathrm{l}}{2}\langle U,U\rangle U_{x_{\prime}}+\frac{1}{2}\langle U,U_{x_{\prime}}\rangle U\end{array}$
$\{\begin{array}{l}u_{t_{\prime}}=u_{x_{\prime}xx_{\prime}}+3uu_{x_{\prime}x_{\prime}}+3u_{x_{\prime}}^{2}+3u^{2}u_{x_{\prime}}+u_{x_{\prime}}\langle U,U\rangle+2u\langle U,U_{x_{\prime}}\rangle+\langle U,U_{x_{\prime}x_{l}}\rangle+\langle U_{x},,U_{x_{\prime}}\rangle U_{f_{\prime}}=\frac{\mathrm{l}}{2}u_{xx_{\prime}}U+u_{x},U_{x_{\prime}}+uu_{x_{\prime}}U+u^{2}U_{x_{\prime}}+\langle U,U\rangle U_{x_{\prime}}\end{array}$ (3.25)
, $U=0$ , , (3.1)-(3.3)
, (3.4)-(3.10) potential KdV , (3.11)-(3.21) mKdV
, (3.22)-(3.25) Burgers . ,






, $(u_{x}-\langle U, U\rangle)_{t}=0$ ,
$u_{x,}-\langle U, U\rangle=\phi(x)$ . , $U$ ,
$Ut=Uxx\mathrm{x} +2\phi U_{x,}+\phi_{x}U$,
, : $U(x, t)= \int \mathrm{d}\lambda \mathrm{e}^{\lambda t}\Psi\Leftarrow;\lambda)$
. , $\Psi(x;\lambda)$ , :
$\Psi_{xxx}+2\phi\Psi_{x}+\phi_{x,}\Psi=\lambda\Psi$ , (3.26)
. (3.26) , Kaup-Kupershmidt
, ( [5] ).
3.3 (3.3)
$w$ , $W$ ,
$\{\begin{array}{l}w=-u_{x_{l}}-\frac{\mathrm{l}}{2}u^{2}+\frac{\mathrm{l}}{2}\langle U,U\rangle W=U_{x_{\prime}}+uU\end{array}$
x (Miura ), ,
$\{\begin{array}{l}w_{t}=-3\langle W,W_{x_{\prime}}\rangle W_{t}=W_{x_{\prime}x_{\prime}x}+w_{x_{\prime}}W+2wW_{x_{\prime}}\end{array}$
. , $W$ x , Drinfel’d-Sokolov
(2.1) .
(3.1) : $v$ , $v=u_{x}-u^{2}+\langle U, U\rangle$
x , (3.3) , $v,$ $U$ :
$\{\begin{array}{l}v_{t}=(3v\langle U,U\rangle+3\langle U,U_{x_{\prime}x}\rangle-3\langle U,U\rangle^{2})_{x}U_{t}=U_{x_{\prime}x_{\prime}x}+v_{x}U+vU_{x_{\prime}}-3\langle U,U_{x_{\prime}}\rangle U\end{array}$ (3.27)
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(3.27) , J : $v=\hat{u}_{x}$, , (3.l)(u\rightarrow \^u
) .
3.4 (3.4)
, Ito (2.3) .
1
3.5 (3.5)
$w$ , $W$ ,
$\{\begin{array}{l}w=u_{x_{J}}+\frac{a}{2}\langle U,U\rangle W=\sqrt{\langle U,U\rangle}U\end{array}$
, ,
$\{\begin{array}{l}w_{t}=w_{x_{\prime}xx}+6ww_{x}+(b-\frac{a^{2}}{4})\langle W,W\rangle_{x}W_{f_{\prime}}=2(wW)_{x_{\prime}}\end{array}$ (3.28)
. $b \neq\frac{a^{2}}{4}$ , (3.28) , , Ito













$w$ , $w=u_{x},$ $+2\langle U, U\rangle$ , $w$ [ $\mathrm{K}\mathrm{d}\mathrm{V}$
:
$w_{f,}=w_{x,x,x}+2ww_{x,}$ , (3.29a)
. , (3.9) . $u_{x}=w-2\langle U, U\rangle$ $U$
,
$U_{t}=4U_{x,x,x},$ $+w_{x,}U+2wU_{x,}$ , (3.29b)





$w$ , $w=-u_{x},$ $+ \frac{1}{2}u^{2}-\frac{1}{2}\langle U, U\rangle$ , $w$
$\mathrm{K}\mathrm{d}\mathrm{V}$ :
$w_{t}=w_{xxx}-3ww_{x,}$ ,
. , (3.11) . $\frac{1}{2}\langle U, U\rangle=-u_{x,}+\frac{1}{2}u^{2}-w$
, $u$ ,
$u_{t}=-2u_{x}^{2},$ $+u^{2}u_{x}-3wu_{x}-w_{x,}u-w_{xx,}$ , (3.30)
. $\mathrm{K}\mathrm{d}\mathrm{V}$ $w(x, t)$ , , $u$
.
, $w(x, t)=0$ , (3.30) ( ),
$u_{t},$ $=u_{x}(u_{x,}-u^{2})$ , (3.31)
. (3.31) , :





$u$ , $\langle U, U\rangle$ , (3.11)
. , $w$ , $w$ $\mathrm{K}\mathrm{d}\mathrm{V}$ , $u$
(3.30) . (3.11) (3.12) \beta \not\in , $U$ ,
$u,$ $w$ , .
3.13 (3.13)
$w$ , $w=-u_{x,}+ \frac{1}{2}u^{2}-\frac{1}{2}\langle U, U\rangle$ , $w$
$\mathrm{K}\mathrm{d}\mathrm{V}$ :
$w_{tr}=w_{x,xx,}-3ww_{x}$ ,
. , (3.13) .
$\ovalbox{\tt\small REJECT} U,$ $U\rangle=-u_{x}$
,
$\frac{1}{2}u^{2}-w$ , $u$ $U$ , ,
$\{\begin{array}{l}u_{f_{\prime}}=-(wu+w_{\text{ }})_{\text{ }}U_{t}=-(wU)_{x_{\prime}}\end{array}$ (3.32)
. , $w(x, t)=0$ , .
3.14 (3.14)
$w$ , $w=-u_{x,}+ \frac{1}{2}u^{2}-\frac{1}{2}\langle U, U\rangle$ , $w$
Kd :
$w_{t}=w_{x,xx,}-3ww_{x}$ , (3.33a)
. , (3.14) . $\frac{1}{2}\langle U, U\rangle=-u_{x,}+\frac{1}{2}u^{2}-w$
$u$ ,
14
$ut=-u^{2}u_{x,}+2^{u}$ $-w,\text{ }+wu_{x}-w_{x}u-2wu^{2}+2w^{2}$ , (3.33b)
.




, , $w=0$ .






$(?)$ . , (3.33) ,
.
3.15 (3.15)
$w$ , $w=-u_{x}+ \frac{1}{2}u^{2}-\frac{1}{2}\langle U, U\rangle$ , $w$
$\mathrm{K}\mathrm{d}\mathrm{V}$ :
$w_{t},$ $=w,\text{ }-3ww_{x}$ ,
. , (3.15) .
$\frac{1}{2}\langle U, U\rangle=-u_{x,}+\frac{1}{2}u^{2}-w$ , $u$ $U$ , ,
$\{\begin{array}{l}u_{t}=-w_{x_{\prime}}u-\frac{\mathrm{l}}{2}wu^{2}-w_{xx_{\prime}}+w^{2}U_{t}=-\frac{\mathrm{l}}{2}(w_{x}+wu)U\end{array}$
. $w(x, t)$ , $u(x, t)$ , $x$ fix




$(N+1)$- $W$ , $W=(u, U)$ , (3.16) , $-\ovalbox{\tt\small REJECT}$
:
$W_{t}=W_{x,x,x,}+\langle W, W\rangle W_{x_{l}}$ ,
. mKdV ,
( , [16, 17] ).
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3.17 (3.17)
$(N+1)$- $W$ , $W=(u, U)$ , (3.17) , $-\ovalbox{\tt\small REJECT}$
:
$W_{t}=W_{xx,x_{J}},+\langle W, W\rangle W_{x,}+\langle W, W_{x,}\rangle W$,
. mKdV , ,
[18] , Lax .
3.18 (3.18)




$Q=u1+ \sum_{j=1}^{N}$ Ujej, $\{\mathrm{e}_{i,}, \mathrm{e}j\}_{+}=-2\delta_{ij}1$ ,
, (3.18) .
(2.2), (3.6) : $w$ , $W$ ,
$\{\begin{array}{l}w=\pm u_{\text{ }}-u^{\mathit{2}}+\langle U,U\rangle W=U_{x_{l}}\mp \mathit{2}uU\end{array}$
(Miura ), , Jordan $\mathrm{K}\mathrm{d}\mathrm{V}$ (2.2) :
$\{\begin{array}{l}w_{f_{l}}=w_{x_{\prime}x_{\prime}x_{\prime}}+3(w^{2}-\langle W,W\rangle)_{x}W_{f_{l}}=W_{x_{\prime}x_{\prime}x_{\prime}}+6(wW)_{x_{\prime}}\end{array}$ (3.34)
. , (3.34) , (3.6) .
3.19 (3.19)
(3.19) , Lax . ,
:
$\psi_{x}=U\psi$ , $\psi_{t}=V\psi$ , (3.35)
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( , $I_{l}$ $I_{m}$, , 6 $l$ $m\cross m$ , $Q,$ $R$ ,
$P$ , $g$ . Lax (3.36) , (3.35)
: $U_{t},$ $-V_{x_{l}}+UV-VU=O$ , 3 mKdV
:
$\{\begin{array}{l}Q_{f_{\prime}}+Q_{x_{\prime}x_{\prime}x_{\prime}}+3(Q_{x_{\prime}}P)_{x_{\prime}}-3Q_{x_{\prime}}RQ-3QRQ_{x_{\prime}}+3Q_{x_{\prime}}P^{2}+3QP_{x_{\prime}}P-3g_{x_{l}}QP=OR_{t_{\prime}}+R_{x_{\prime}x_{\prime}x_{\prime}}-3(PR_{x_{l}})_{x_{\prime}}-3R_{x_{\prime}}QR-3RQR_{x_{\prime}}+3P^{2}R_{x_{\prime}}+3PP_{x},R+3g_{x_{\prime}}PR=OP_{t}+P_{x_{\prime}xx},,+3(g_{x_{\prime}}P)_{x_{\prime}}-3(PRQ+RQP)_{x_{\prime}}+3PP_{x_{\prime}}P+3P^{2}.RQ-3RQP^{2}=O\end{array}$ (3.37)
. (3.37) , : $R={}^{t}Q,’ {}^{t}P=-P$
,
$Q=(u, W_{1}, \ldots, W_{N})\equiv(u, W)$ , $R=(\begin{array}{l}uW_{\mathrm{l}}\vdots W_{N}\end{array})\equiv(\begin{array}{l}u,{}^{t}W\end{array})$ ,
$P=(\begin{array}{llll}0 W_{\mathrm{l}} \cdots W_{N}-W_{1} \vdots O -W_{N} \end{array})\equiv(\begin{array}{ll}0 W-^{f_{\prime}}W O\end{array})$ ,
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. , (3.37) , :
$u_{t}+u_{x,x,x},$ $-6u^{2}u_{x}-6u_{x}\langle W, W\rangle-6u\langle W, W_{x_{l}}\rangle$
$+3g_{x,}\langle W, W\rangle-3\langle W_{x,}, W\rangle_{x,}=0$ ,
(3.38)
$W_{t}+W_{xx,x,}+3(u_{x,}W)_{x,}-3ug_{x}W-3uu_{x}W$
$-3u^{2}W_{x,}-3\langle W, W\rangle W_{x,}-9\langle W, W_{x}\rangle W=0$ .
, $g=u,$ $W= \frac{\mathrm{i}}{\sqrt{3}}U$ , $t$ , (3.38) $\}$ (3.19)
.
(3.7) : $v$ , $v=u_{x,}-u^{2}+ \frac{1}{3}\langle U, U\rangle$
, (3.19) , $v,$ $U$ , :
$v_{t},$ $=(v_{xx,}+3v^{2}+v\langle U, U\rangle+\langle U, U_{xx,},\rangle)_{x}$ ,
(3.39)
$U_{t}=U_{xx,x,},+3v_{x,}U+3vU_{x,}+\langle U, U_{x,}\rangle U$.
(3.39) , : $v=\hat{u}_{x}$ , $(3.7)(uarrow\hat{u}$
) .
3.20 (3.20)
$w$ , $w=u_{x,}-u^{2}$ , (3.20)
, :
$w_{t},$ $=w_{x,x,x,}+6ww_{x}+w_{x,} \langle U, U\rangle+2w\langle U, U\rangle_{x}+\frac{1}{2}\langle U, U\rangle_{x,x,x},$,
(3.40)
$U_{t},$ $=U_{x,x,x,}+6(wU)_{x,}+\langle U, U\rangle U_{x,}+2\langle U, U\rangle_{x,}U$.
(3.40) , Jaulent-Miodek [19] .
, (3.40) Lax . :
$\psi_{xx}+(Q+\zeta R)\psi=\zeta^{2}\psi$,
(3.41)
$\psi_{t}=(4\zeta^{2}I+2\zeta R+2Q+\frac{3}{2}R^{2})\psi_{x}-[\zeta R_{x,}+Q_{x}+\frac{3}{4}(R^{2})_{x}]\psi$ ,
. $\zeta$ , $Q$ $R$
. (3.41) , : $\psi_{x,x,t}=\psi_{txx}$ , 2
:
$Q_{t},$ $=Q_{x,x,x,}+3(Q^{2})_{x,}+ \frac{3}{4}$ (R2) 2+-32R2Qx
$+ \frac{3}{4}[Q(R^{2})_{x,}+3(R^{2})_{x,}Q]$ , (3.42)
$R_{t},$ $=R_{x,x,x_{l}}+3(QR+RQ)_{x}+ \frac{3}{4}[3(R^{2})_{x,}R+R(R^{2})_{x}+2R^{2}R_{x}]$ ,
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, 1 : $[Q, R^{2}]=O$ . ,
$Q=w1$ , $R= \frac{\sqrt{6}}{3}\mathrm{i}\sum_{j=1}^{N}$ Ujej, $\{\mathrm{e}_{i}, \mathrm{e}_{j}\}_{+}=-2\delta_{ij}1$ ,
, , (3.42) , (3.40)
.
(3.8) : $v$ , $v=u_{x}-u^{2}+ \frac{1}{6}\langle U, U\rangle$
, (3.20) , $v,$ $U$ :
$\{\begin{array}{l}v_{t},=(v_{x_{\prime}x_{\prime}}+3v^{2}+2v\langle U,U\rangle+\langle U,U_{x_{\prime}x_{\prime}}\rangle+\frac{1}{2}\langle U_{x_{\prime}},U_{x_{\prime}}\rangle)_{x}U_{t},=U_{x_{\prime}x_{\prime}x_{\prime}}+6v_{x_{\prime}}U+6vU_{x_{\prime}}+2\langle U,U_{x_{\prime}}\rangle U\end{array}$ (3.43)
(3.43) , : $v=\hat{u}_{x,}$ , $(3.8)(uarrow\hat{u}$
) .
3.21 (3.21)




. , , Hirota-Satsuma
(2.4) .
(3.10) : $v$ , $v=u_{x,}-u^{2}- \frac{1}{6}\langle U, U\rangle$
, (3.21) , $v,$ $U$
:
$\{_{U_{t}=-2U_{x,x,x,}-6v_{x}U-6vU_{x,}-4\langle U,U_{x,}\rangle U}^{v_{t}=(v_{xx,}+3v^{2}+4v\langle U,U\rangle+2\langle U,U_{x,x}\rangle+\langle U_{x,},U_{x,}\rangle+\frac{2}{3}\langle U,U\rangle^{2})_{x}},\cdot’(3.44)$





$\{u_{\tau}=\frac{1}{3}(\mathrm{l}+2a)(u_{x_{\prime}x_{\prime}}+2uu_{x_{\prime}})+\frac{4}{3}\langle U,U_{x_{\prime}}\rangle U_{\tau}=U_{x_{\prime}x}+\frac{1}{3}(\mathrm{l}-a)u_{x_{\prime}}U+uU_{x_{\prime}}+\frac{1}{12}(\mathrm{l}’-4a)u^{2}U-\frac{1}{3}\langle U,U\rangle U,(3.45)$
3 . :
$\{\begin{array}{l}w=\mathrm{e}^{\int^{x}?l\mathrm{d}x_{\prime}’}W=U\mathrm{e}^{\frac{1}{2}\int^{x}\iota\ell \mathrm{d}x_{\prime}’}\end{array}$ (3.46)
, 2 (3.45), (3.22) , ( ) :
$\{\begin{array}{l}w_{T}=\frac{1}{3}(1+2a)w_{xx}+\frac{2}{3}\langle W,W\rangle W_{\tau}=W_{x_{\prime}x_{\prime}}\end{array}$ (3.47)
$\{\begin{array}{l}w_{t},=aw_{x_{\prime}x_{\prime}x}+\langle W,W\rangle_{x_{\prime}}W_{t}=W_{x_{\prime}x_{\prime}x_{\prime}}\end{array}$ (3.48)
$a=1$ , : $W=V_{x,},$ $w+ \frac{1}{3}\langle V, V\rangle=v$ ,
. $a=- \frac{1}{2}$ , (3.47) $w$
,
$w(x, \tau)=\frac{2}{3}\int^{\tau}\langle W(x, \tau’), W(x, \tau’)\rangle \mathrm{d}\tau’$ ,
. , $a=0$ , (3.48) $w$ .
$a$ , (3.47) (3.48) , (Green
) , .
3.23 (3.23)
, (3.22) , $t,$ $U$ , $aarrow\infty$
. , (3.23) , 2
:
$\{\begin{array}{l}u_{\tau}=u_{x_{\prime}x_{\prime}}+2uu_{x_{\prime}}+2\langle U,U_{x_{\prime}}\rangle U_{\tau}=-\frac{1}{2}u_{x_{\prime}}U-\frac{\mathrm{l}}{2}u^{2}U-\frac{1}{2}\langle U,U\rangle U\end{array}$ (3.49)
3 .
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2 (3.49), (3.23) , (3.22) (3.46) ,
$\{\begin{array}{l}w_{\tau}=w_{x_{\prime}x}+\langle W,W\rangle W_{\tau}=0\end{array}$
$\{\begin{array}{l}w_{t}=w_{x_{\prime}xx_{\prime}}+\langle W,W\rangle_{x_{\prime}}W_{t}=0\end{array}$







3 . (3.50) . $w$
, $w= \frac{1}{2}\langle U, U\rangle$ , (3.50) , 2 Burgers :
$\{\begin{array}{l}u_{\tau}=u_{x_{\prime}x}+2uu_{x_{\prime}}+w_{x_{\prime}}w_{\tau}=(uw)_{x_{\prime}}\end{array}$ (3.51)
. , (3.50) , 2 Burgers (3.51) , $U$
.
(3.51) $u(x, \tau),$ $w(x, \tau)$ , $U$
:
$(U_{j}^{2})_{\tau}=(uU_{j}^{2})_{x}$, $j=1,2,$ $\ldots,$ $N$,
, Ito (2.3) , .
, , 2 Burgers (3.51) . (3.51)
, [20] .
, (3.51) , –oe , fake Lax




$U$ 1 , , (3.25) , (3.24)
. , (3.24) , (3.25) 2 .
324 , $w= \frac{1}{2}\langle U, U\rangle$ , (3.25) , 2 Burgers
(3.51) 3 . , , 2 Burgers
(3.51) . . .
4 Ibragimov-Shabat
, , .
4.1 Ibragimov-Shabat , 5
3 . , , 2
:
$u_{t},$ $=(a+1)(u_{xx,x,}+3u^{2}u_{xx,}+9uu_{x}^{2}+3u^{4}u_{x,}+3u_{x,x,}\langle U, U\rangle$
$+6u_{x,}\langle U, U_{x,}\rangle+3u_{x}\langle U, U\rangle^{2})+2au\langle U, U_{x,x,}\rangle+(2a+3)u\langle U_{x,}, U_{x,}\rangle$
$+(10a+6)u_{x}u^{2}\langle U, U\rangle+2au^{3}\langle U, U_{x,}\rangle+6au\langle U, U\rangle\langle U, U_{x}\rangle$
$+au^{5}\langle U, U\rangle+2au^{3}\langle U, U\rangle^{2}+au\langle U, U\rangle^{3}$ ,
(4.1)
$U_{t},$ $=U_{x,x,x},$ $+\cdot 3\langle U, U\rangle U_{x,x,}+6\langle U, U_{x},\rangle U_{x,}+3\langle U_{x,}, U_{x,}\rangle U+3\langle U, U\rangle^{2}U_{x,}$
$-2au_{x,x,}uU+(a+3)u_{x}^{2}U+6uu_{x,}U_{x,}+3u^{2}U_{x,x,}-6au_{x}u^{3}U$
$+3u^{4}U_{x,}-2au_{x,}u\langle U, U\rangle U-4au^{2}\langle U, U_{x,}\rangle U+6u^{2}\langle U, U\rangle U_{x,}$
$-au^{6}U-2au^{4}\langle U, U\rangle U-au^{2}\langle U, U\rangle^{2}U$, $a$ : arbitrary,
$\{\begin{array}{l}u_{t}=u_{x_{\prime}x_{\prime}x_{\prime}}+3u^{2}u_{x_{\prime}x_{\prime}}+9uu_{x_{\prime}}^{2}+3u^{4}u_{x_{\prime}}+3u_{x_{\prime}x_{\prime}}\langle U,U\rangle+6u_{x_{\prime}}\langle U,U_{x_{\prime}}\rangle+2u\langle U,U_{x_{\prime}x_{\prime}}\rangle+2u\langle U_{x_{\prime}},U_{x_{\prime}}\rangle+10u_{x}u^{2}\langle U,U\rangle+2u^{3}\langle U,U_{x_{\prime}}\rangle+u\langle U,U\rangle^{3}+3u_{x_{\prime}}\langle U,U,\rangle^{2}+6u\langle U,U\rangle\langle U,U_{x}\rangle+u^{5}\langle U,U\rangle+2u^{3}\langle U,U\rangle^{2}(4.2)U_{t},=-2u_{x_{I}x_{\prime}}uU+u_{x_{\prime}}^{2}U-6u_{x_{\prime}}u^{3}U-2u_{x_{\prime}}u\langle U,U\rangle U-4u^{2}\langle U,U_{x_{\prime}}\rangle U-u^{6}U-2u^{4}\langle U,U\rangle U-u^{2}\langle U,U\rangle^{2}U\end{array}$
(4.1), (4.2) $U=0$ , ,
Ibragimov-Shabat . , (4.1) , $u=0$
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, Ibragimov-Shabat [21] :
$U_{t}=U_{x,x,x}+3\langle U, U\rangle U_{xx_{r}}+6\langle U, U_{x,}\rangle U_{T,}+3\langle U_{x,}, U_{x,}\rangle U+3\langle U, U\rangle^{2}U_{x,}$ ,
.
4.1 (4.1)
(4.1) , : $(u^{2}+\langle U, U\rangle)_{t}=(\cdots)_{x,}$ (
, ffi ). :
$\{\begin{array}{l}w=u\mathrm{e}^{\int^{x}(|l^{2}+\langle U,U\rangle)\mathrm{d}x’}W=U\mathrm{e}^{\int^{x}(t\iota^{2}+\langle U,U))\mathrm{d}x_{\prime}}’\end{array}$ (4.3)











$\bullet$ 1 1 , , Lax
, ,
. , (3.31) , 2 Burgers (3.51) ,
.
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$\bullet$ 3 , mKdV ,
, ( ).
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